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The senses dictate how the brain represents the environment, and this representation is the
basis of how we act in the world. Among the five senses, olfaction is maybe the most mysterious
and underestimated one, probably because a large part of the olfactory information is processed at
the unconscious level in humans [1–4]. However, it is undeniable the influence of olfaction in the
control of behavior and cognitive processes. Indeed, many studies demonstrate a tight relationship
between olfactory perception and behavior [5]. For example, olfactory cues are determinant for partner
selection [6,7], parental care [8,9], and feeding behavior [10–13], and the sense of smell can even
contribute to emotional responses, cognition and mood regulation [14,15]. Accordingly, it has been
shown that a malfunctioning of the olfactory system could be causally associated with the occurrence
of important diseases, such as neuropsychiatric depression or feeding-related disorders [16,17]. Thus,
a clear identification of the biological mechanisms involved in olfaction is key in the understanding of
animal behavior in physiological and pathological conditions.
The olfactory system is a one-in-a-kind sensory system, because olfactory sensory neuro-epithelial
neurons located in the nasal cavity and expressing specific odor receptor send direct projections
to the main olfactory bulb (MOB), without a thalamic relay. Within the MOB, the processing of
olfactory information and their relay to higher brain regions is guaranteed via a vast heterogeneity
of cell-types. The work of Sanchez-Gonzalez et al. [18] defined the distribution and the phenotypic
diversity of olfactory bulb interneurons from specific progenitor cells, focusing on their spatial origin,
heterogeneity, and genetic profile. Fengyi Liang [19] contributes to the study of the cytoarchitecture of
olfactory circuits, by reviewing the relevance of the cellular link between the olfactory receptor neurons
(ORN) and the olfactory sustentacular cells (OSC). Indeed, the different olfactory functions could rely on
complex cellular interactions [20], which are also regulated by neuromodulatory systems. Among them,
the endocannabinoid system is emerging as a link between olfactory information and behavioral
processes (e.g., memory and food intake), as reviewed here by Terral et al. [21]. Olfactory structures are
the target of peripheral signals sensing the nutritional status of the organism [22], consequently affecting
feeding behavior. Wu et al. [13] describe how the mitral cell (MC) activity in the MOB changes when
there is a negative energy balance. Interestingly, such changes are related to impairment in olfactory
discrimination. Thus, olfactory circuits represent a very interesting model system to understand
general rules of information processing in the brain necessary for the species survival. In this context,
several studies show that olfactory cues could also be determinant for partner selection and sexually
driven behavior [2,23,24]. The work of Fraichard et al. [25] shows that the odorant-degrading enzymes
(ODE) participate in mate selection. In particular, they demonstrate that the UDP-glycosyltransferase
(UGT36E1) expressed in the olfactory sensory neurons (OSN) of the Drosophila is involved in sex
pheromone discrimination. Furthermore, Liu et al. [26] present a complete review of the genetics
and evolution of chemosensory detection, highlighting its potential role in modulating physiological
processes, including pheromone detection. As the authors mention, chemosensitivity represents a key
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function in a primary common universal mechanism of eukaryote and prokaryote cells and in their
interactions with the changing environment.
Interestingly, sensing of chemical signals, in particular olfactory cues, could have a global influence
at many different levels, from basic survival mechanisms to economic impacts in modern society.
For example, the parasitoid wasp Ashmead, Diachasmimorpha longicaudata is used as a control agent in
pest management to suppress fruit flies. Here, Tang et al. [27] performed a detailed transcriptome analysis
showing that olfactory genes of the parasitoid wasps are expressed in response to their hosts with different
scents. By using a similar methodological approach, Wang et al. [28] contribute to answering an open
question about whether males and females possess the same abilities to sense odorants. Several studies
have suggested that external stimuli, including courtship songs, colors and chemosensory cues, could be
determinant for sex-specific behaviors. The authors reveal that, in zebrafish, chemosensory receptor genes
are more expressed in males than in females, suggesting the existence of sex-specific neuronal circuits.
In this sense, Tasmin L. Rymer [9] reviews the existing literature about the influence of olfactory cues in
rodent paternal behavior, highlighting the role of ten genes mainly involved in aggressive responses
towards intruders and pups recognition. In summary, this Special Issue reflects the state-of-the-art in
olfactory research, opening new possibilities for interdisciplinary studies, from genes to behavior.
Funding: This research received no external funding.
Conflicts of Interest: The author declares no conflict of interest.
References
1. Stevenson, R. Phenomenal and access consciousness in olfaction. Conscious. Cogn. 2009, 18, 1004–1017.
[CrossRef] [PubMed]
2. Kringelbach, M.L. The Pleasure Center: Trust Your Animal Instincts; Oxford University Press: New York, NY,
USA, 2009; p. 291.
3. Hoover, K. Smell with inspiration: The evolutionary significance of olfaction. Am. J. Phys. Anthropol. 2010,
143 (Suppl. 51), 63–74. [CrossRef] [PubMed]
4. Trellakis, S.; Fischer, C.; Rydleuskaya, A.; Tagay, S.; Bruderek, K.; Greve, J.; Lang, S.; Brandau, S.
Subconscious olfactory influences of stimulant and relaxant odors on immune function. Eur. Arch.
Oto-Rhino-Laryngology. 2012, 269, 1909–1916. [CrossRef]
5. Doty, R.L. Odor-guided behavior in mammals. Experientia 1986, 42, 257–271. [CrossRef]
6. Johansson, B.R.; Jones, T.S. The role of chemical communication in mate choice. Biol. Rev. Camb. Philos. Soc.
2007, 82, 265–289. [CrossRef]
7. Fletcher, N.; Storey, E.J.; Johnson, M.; Reish, D.J.; Hardege, J.D. Experience matters: Females use smell to
select experienced males for paternal care. PLoS ONE 2009, 4, e7672. [CrossRef]
8. Dias, B.; Ressler, K.J. Parental olfactory experience influences behavior and neural structure in subsequent
generations. Nat. Neurosci. 2014, 17, 89–96. [CrossRef]
9. Rymer, T.L. The Role of olfactory genes in the expression of rodent paternal care behavior. Genes 2020, 11, 292.
[CrossRef]
10. Rolls, E.T. Taste, olfactory, and food texture processing in the brain, and the control of food intake.
Physiol. Behav. 2005, 85, 45–56. [CrossRef] [PubMed]
11. Stafford, L.; Welbeck, K. High hunger state increases olfactory sensitivity to neutral but not food odors.
Chem. Sens. 2011, 36, 189–198. [CrossRef] [PubMed]
12. Aimé, P.; Duchamp-Viret, P.; Chaput, M.A.; Savigner, A.; Mahfouz, M.; Julliard, A.K. Fasting increases
and satiation decreases olfactory detection for a neutral odor in rats. Behav. Brain Res. 2007, 179, 258–264.
[CrossRef] [PubMed]
13. Wu, J.; Liu, P.; Chen, F.; Ge, L.; Lu, Y.; Li, A. Excitability of neural activity is enhanced, but neural discrimination
of odors is slightly decreased, in the olfactory bulb of fasted mice. Genes 2020, 11, 433. [CrossRef] [PubMed]
14. Krusemark, E.A.; Novak, L.R.; Gitelman, D.R.; Li, W. When the sense of smell meets emotion:
Anxiety-state-dependent olfactory processing and neural circuitry adaptation. J. Neurosci. Off. J. Soc. Neurosci.
2013, 33, 15324–15332. [CrossRef] [PubMed]
Genes 2020, 11, 654 3 of 3
15. Buron, E.; Bulbena, A. Olfaction in affective and anxiety disorders: A review of the literature. Psychopathology
2013, 46, 63–74. [CrossRef]
16. Rapps, N.; Giel, K.E.; Söhngen, E.; Salini, A.; Enck, P.; Bischoff, S.C.; Zipfel, S. Olfactory deficits in patients
with anorexia nervosa. Eur. Eat. Disord. Rev. J. Eat. Disord. Assoc. 2010, 18, 385–389. [CrossRef]
17. Oral, E.; Aydin, M.D.; Aydin, N.; Ozcan, H.; Hacimuftuoglu, A.; Sipal, S.; Demirci, E. How olfaction disorders
can cause depression? The role of habenular degeneration. Neuroscience 2013, 240, 63–69. [CrossRef]
18. Sánchez-González, R.; Figueres-Oñate, M.; Ojalvo-Sanz, A.C.; López-Mascaraque, L. Cell progeny in the
olfactory bulb after targeting specific progenitors with different ubc-startrack approaches. Genes 2020, 11, 305.
[CrossRef]
19. Liang, F. Sustentacular cell enwrapment of olfactory receptor neuronal dendrites: An update. Genes
2020, 11, 493. [CrossRef]
20. Yamaguchi, M. Functional sub-circuits of the olfactory system viewed from the olfactory bulb and the
olfactory tubercle. Front Neuroanat 2017, 11, 33. [CrossRef]
21. Terral, G.; Marsicano, G.; Grandes, P.; Soria-Gómez, E. Cannabinoid control of olfactory processes: The where
matters. Genes 2020, 11, 431. [CrossRef]
22. Julliard, A.; Al Koborssy, D.; Fadool, D.A.; Palouzier-Paulignan, B. Nutrient sensing: Another chemosensitivity
of the olfactory system. Front. Physiol. 2017, 8, 468. [CrossRef] [PubMed]
23. White, T.L.; Cunningham, C. Sexual preference and the self-reported role of olfaction in mate selection.
Chemosens. Percept. 2017, 10, 31–41. [CrossRef]
24. Kromer, J.; Hummel, T.; Pietrowski, D.; Giani, A.S.; Sauter, J.; Ehninger, G.; Schmidt, A.H.; Croy, I. Influence of
HLA on human partnership and sexual satisfaction. Sci. Rep. 2016, 6, 32550. [CrossRef] [PubMed]
25. Fraichard, S.; Legendre, A.; Lucas, P.; Chauvel, I.; Faure, P.; Neiers, F.; Artur, Y.; Briand, L.;
Ferveur, J.F.; Heydel, J.M. Modulation of sex pheromone discrimination by A UDP-Glycosyltransferase in
Drosophila melanogaster. Genes 2020, 11, 237. [CrossRef]
26. Liu, G.; Xuan, N.; Rajashekar, B.; Arnaud, P.; Offmann, B.; Picimbon, J.F. Comprehensive history of CSP
genes: Evolution, phylogenetic distribution and functions. Genes 2020, 11, 413. [CrossRef]
27. Tang, L.; Liu, J.; Liu, L.; Yu, Y.; Zhao, H.; Lu, W. De novo transcriptome identifies olfactory genes in
Diachasmimorpha longicaudata (Ashmead). Genes 2020, 11, 144. [CrossRef]
28. Wang, Y.; Jiang, H.; Yang, L. Transcriptome analysis of zebrafish olfactory epithelium reveal sexual differences
in odorant detection. Genes 2020, 11, 592. [CrossRef]
© 2020 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
